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Six new HTLV-I strains from seroindeterminate individuals were analyzed: four from Gabon, one from a Mbuti Efe pygmy
in Congo (formerly Zaire), and one from a Congolese patient residing in Belgium. The LTR and env regions were sequenced
and phylogenetic analyses were performed to characterize the new strains. Nucleotide divergence and phylogeny results
showed that four of the new strains belong to the HTLV-Ib Central African subtype. The other two strains, one from the Efe
pygmy and one from Gabon, lie on distinct branches of the LTR and env trees with respect to the four major HTLV-I subtypes.
Despite the low bootstrap values, likelihood mapping analyses proved that these strains can be considered two new HTLV-I
molecular subtypes, putatively named HTLV-Ie and HTLV-If. A relation exists in the phylogenetic trees and in the likelihood
maps between the new subtypes and African STLV-I strains from Papio spp. and Cercopithecus spp., suggesting one or more
interspecies transmission events in the past. This study demonstrates that the phylogenetic subtyping of HTLV-I in the
African continent is far from being completed and that samples presenting an indeterminate serology can potentially belong
to new subtypes in humans. In addition, present day serological tests do not reliably type strains within the HTLV-Ib Central
African subtype. © 1998 Academic Press
INTRODUCTION
Human T-cell leukemia virus type I (HTLV-I), the first
human retrovirus isolated from humans, is the etiological
agent of adult T-cell leukaemia (Poiesz et al., 1980) and of
a chronic neurological disease, HTLV-I-associated my-
elopathy/tropical spastic paraparesis (HAM/TSP) (Ges-
sain et al., 1985; Osame et al., 1987). The HTLV-I genome
is remarkably stable (Liu et al., 1994) and recently a
strategy of provirus multiplication via clonal expansion of
infected cells rather than by viral replication using re-
verse transcription has been proposed to explain this
observation (Wattel et al., 1995). Within the LTR region
the genomic variability among different strains is less
than 10%, accumulated over a long period of time. HTLV-I
is therefore an excellent tool for investigating the migra-
tion of ancient human and simian populations and their
inter- and intraspecies contacts (Komurian et al., 1991;
Gessain et al., 1992).
Four different HTLV-I subtypes have been described:
HTLV-Ia, also known as the cosmopolitan subtype, joins
strains from different geographic regions (Miura et al.,
1994, 1997); HTLV-Ib is the so-called Central African
subtype (Hahn et al., 1984; Vandamme et al., 1994);
HTLV-Ic is a very divergent strain isolated from aborigi-
nals living in Papua New Guinea and Australia and is
also called Melanesian subtype (Gessain et al., 1991;
Bastian et al., 1993); HTLV-Id was recently described as
a new distinct molecular subtype isolated from Cam-
eroonian pygmies and from an infected Gabonese indi-
vidual (Chen et al., 1995; Mahieux et al., 1997a). A simian
counterpart of HTLV-I, simian T-cell leukemia virus type I
(STLV-I) has been isolated from different simian species
in Asia and Africa (Koralnik et al., 1994; Ibrahim et al.,
1995; Vandamme et al., 1994; Liu et al., 1996). It has been
shown that the three subtypes Ia, Ib, and Ic arose from
three geographically distinct simian reservoirs in West
Africa, Central Africa, and Indonesia, respectively (Liu et
al., 1996). The subtype Id is not closely related to any
known African simian strain (Mahieux et al., 1997a).
In Africa HTLV-I is endemic: 3 to 8 million persons
were estimated to be infected (Blattner and Gallo, 1994;
Delaporte et al., 1989; Dube et al., 1994; Goubau et al.,
1990) and it is very important to investigate the origin,
evolution, and modes of dissemination of the virus on
this continent. Additionally, because screening for HTLV
infections is becoming increasingly important in the in-
dustrialized countries, it is important to obtain a molec-
ular characterization of the strains that cause an inde-
terminate serology.
To investigate the possible presence of new HTLV-I
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molecular subtypes in the African continent we obtained,
in the present study, six new HTLV-I isolates from indi-
viduals with indeterminate serology (Vandamme et al.,
1997), four from Gabon and two from Congo (formely
Zaire), including one from a Mbuti Efe pygmy. The prin-
cipal goal was to gain new insights on the genetic
heterogeneity of HTLV-I and a more detailed knowledge
of its origin and dissemination in Africa.
RESULTS
Identification of the strains
The patient samples used in this study belong to the
cohort already described by Vandamme et al., (1997).
Four patients (Lib1, Lib2, Lib3, and Lib4) were Western
blot seroindeterminate Gabonese individuals: they have
a strong reactivity to p19, but no reactivity to p24 (except
for Lib1), gp21, or gp46 (Dupont Western blot). Two other
patients, one from a Mbuti pygmy (Efe1) and the second
one from a Congolese patient residing in Belgium (GL),
were evaluated and their Western blot profiles (HTLV 2.4,
Genelab Diagnostics, Singapore) are shown in Fig. 1:
Efe1 has faint reactivity toward rgp21 and has no MTA1
reactivity, faint p19 reactivity, and no p24 reactivity. Sim-
ilarly, GL has strong rgp21 reactivity but no MTA1 reac-
tivity, strong p19 reactivity, and no p24 reactivity.
Sequence diversity in the LTR and env gp21 regions
In Table I the percentage of nucleotide (nt) differences
in the LTR and env regions among the new strains (Lib1,
Lib2, Lib3, Lib4, GL, and Efe1) and the prototypic se-
quences for the four known HTLV-I subtypes (HTLV-Ia-
ATK1, HTLV-Ib-ITIS, HTLV-Ic-MEL5, and HTLV-Id-pyg19,
respectively) are reported. Lib1, Lib3, and Lib4 have iden-
tical (Lib1 and Lib3) or almost identical sequences and
are very similar to the GL strain. All the four strains are
more closely related to the HTLV-Ib-ITIS strain, with di-
vergence ranging from 0.8 to 2.6% in LTR and from 0 to
1.5% in env, than to prototypic strains of the other three
main HTLV-I subtypes, with divergence ranging from 4.3
FIG. 1. Western blot profiles of the sera from the individuals infected
with Efe1 (A) and GL (B) strains. HTLV-I- and HTLV-II-positive controls
are indicated.
TABLE 1
Comparison of the Divergence between HTLV-I Strains
% Nucleotide
difference
HTLV-Ia
ATK1
HTLV-Ib
ITIS
HTLV-Ic
MEL5
HTLV-Id
pyg19
HTLV-Ie
Efe1
HTLV-If
Lib2
HTLV-Ib
GL
HTLV-Ib
Lib1/Lib3
HTLV-Ib
Lib4
HTLV-Ia LTR — 4.9 8.0 5.5 5.7 5.5 4.9 4.7 4.9
ATK1 env 2.9 8.0 3.6 4.0 3.3 2.9 2.9
HTLV-Ib LTR — 7.8 4.7 4.3 3.6 0.8 1.8 2.2
ITIS env 7.9 3.6 3.5 2.7 0.0 1.5
HTLV-Ic LTR — 7.8 6.8 8.0 8.2 7.3 7.4
MEL5 env 7.7 7.9 7.9 7.9 7.5
HTLV-Id LTR — 5.5 5.9 4.7 4.3 4.5
pyg19 env 3.8 3.8 3.5 3.5
HTLV-Ie LTR — 4.9 4.7 3.7 4.1
Efe1 env 3.8 3.5 3.1
HTLV-If LTR — 3.9 3.3 3.7
Lib2 env 2.7 3.1
HTLV-Ib LTR — 2.2 2.6
GL env 1.5
HTLV-Ib LTR — 0.4
Lib1/Lib3 env
HTLV-Ib LTR —
Lib4
Note. Transitions and transversions are scored equally. For details of the strains see Materials and Methods. LTR, entire LTR. env, 522 nt
corresponding to the entire gp21 coding sequence. Lib1 and Lib3 have identical sequences. The two proposed new HTLV-I subtypes are in bold.
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to 8.2% in LTR and from 2.9 to 7.9% in env (see Table 1).
On the other hand the Efe1 pygmy and the Lib2 Ga-
bonese strains show divergences ranging from 3.3 to
8.0% in LTR and from 2.7 to 7.9% in env with respect to all
other strains (see Table 1). In particular, the Efe1 shows
a mean divergence of 5.6% in LTR and 4.8% in env with
respect to the known HTLV-I subtypes, whereas Lib2
shows a mean divergence of 3.7% in LTR and 4.4% in env
with respect to the main HTLV-I subtypes (see Table 1).
Phylogenetic analyses based on the LTR region
The phylogenetic analyses were done by using a
664-bp consensus LTR sequence of the six new isolates
(Lib1, Lib2, Lib3, Lib4, GL, and Efe1) together with 45
HTLV-I/STLV-I strains described under Materials and
Methods. Three methods, NJ, ML, and wpars, were used
for the phylogeny inference. In Fig. 2 the NJ tree is
reported, with bootstrap values for NJ and wpars (in
parentheses) along the principal branches of the tree;
ML and wpars gave similar tree topologies (data not
shown). As already reported (Liu et al., 1996) the tree can
be separated into an Asian part (containing HTLV-I
strains PNG-1, MEL5, and STLV-I strains PtM3, PHSu1,
and TE4) and an African part (the remaining strains), well
separated by .90% of bootstrap replicates (both NJ and
wpars) and well supported in ML (P , 0.01). In the
African part of the tree, three HTLV-I clades can be
distinguished. The first one consistently joins all HTLV-Ia
(Cosmopolitan) strains (89.6% for NJ, 93.1% for wpars,
and P , 0.01 for ML). The second one joins all HTLV-Ib
(Central African) strains together with the African STLV-I
strains (A256, PtrA26, and CH); the cluster is quite well
supported in NJ and ML (80.9% and P , 0.01, respective-
ly), but less supported in wpars (61%). The third one is the
new subtype HTLV-Id, recently reported by Mahieux et al.
(1997a), joining the Cameroonian pygmy strains pyg19
and H23: it is a clearly separate and well supported
clade in NJ and ML (74.7% and P , 0.01), although less
supported in wpars (60.2%). Three of the new strains,
Lib1, Lib3, and Lib4 from Gabon, and the GL strain, from
a Congolese patient residing in Belgium, are within the
Central African clade (see Fig. 2) and they can be clearly
considered as belonging to the HTLV-Ib subtype. How-
ever, two other distinct branches are visible in the tree,
not joining any described subtype. The first one contains
the new Efe1 pygmy strain, clustering together with the
STLV-I AG strain (from a Kenyan Cercopithecus aethiops)
and flanked by the Pcy1011 STLV-I strain (from an East-
African Papio hamadryas) and the TBH-V191 and TBH-
V197 STLV-I strains (from South African C. aethiops). The
clustering of Efe1 with the simian strains is well sup-
ported in ML (P , 0.01, data not shown), but the boot-
strap values in NJ and wpars are quite low (58.7 and
36.6%, respectively, see Fig. 2). A second distinct branch
represents the new Lib2 strain, from a Gabonese, and it
is flanked by the very well supported cluster (97.7% NJ,
98.8% wpars, and P , 0.01 ML) joining PH6356 (from
unknown origin) and Su-F1 (from the Sukhumi Primate
Centre) STLV-I strains, both found in a P. hamadryas.
Phylogenetic analyses based on the env region
Seventy-four HTLV-I/STLV-I strains were included in
the phylogenetic analyses based on a 522-bp env frag-
ment, corresponding to the entire gp21 coding sequence,
together with the new strains Lib2, Lib3, GL, and Efe1
(see Materials and Methods). The tree appears less
resolved than the LTR one, but the four principal sub-
types, HTLV-Ia, -Ib, -Ic, and -Id are clearly visible, al-
though the bootstrap values are lower than those in the
phylogenetic analysis of the LTR region, especially for
the Ib Central African subtype (see Fig. 3). The new
strains, Lib3 (Gabon) and GL (Congo), are included
among the HTLV-Ib Central African cluster (see Fig.3),
confirming also for the env region their belonging to the
Ib subtype.
The Efe1 pygmy strain makes up a distinct cluster with
several East African monkeys just as in the LTR tree. As
shown in Fig. 3, Efe1 clusters together with the CMI-203
STLV-I strain from a Kenyan Cercopithecus mitis, and the
PCY-2304, PHA-152, and PAN-1713 STLV-I strains, from
Papio cynocephalus, P. hamadryas, and Papio anubis,
respectively, living in Tanzania and Kenya (East Africa)
and with the CAE-22 and CAE-6242 STLV-I strains from
C. aethiops living in Kenya and Ethiopia, respectively.
The cluster is well supported in ML (P , 0.01, data not
shown), but has little support in NJ and wpars (41.5 and
42.2%). External to that clade there is the CMI-MZ C. mitis
Central African strain (see Fig. 3).
The Lib2 strain makes up a distinct cluster with the
PPA-5X28 and the btlv STLV-I strains (the first one from a
West African P. papio, the second one from a Kenyan P.
anubis) and they further cluster with two STLV-I strains
from P. hamadryas, Su-F1 and PH6356, and with SM from
Cercocebus atys, as was also seen in the LTR tree (see
Fig. 3). The NJ bootstrap value for this clade is very low
(12.9%), although the clade is significantly supported
(P , 0.05) in ML (data not shown).
Likelihood mapping
From sequence divergence data in the LTR and the
env region and from phylogenetic analyses (see above)
the Efe1 and Lib2 strains seem to represent two new
distinct HTLV-I subtypes. Because at least two strains
clustering together in a phylogenetic tree are necessary
to define a new subtype it was decided to use the
likelihood mapping method (Strimmer and Haeseler,
1997) to better support this finding. Moreover, to confirm
the clustering among Lib2, Efe1, and the STLV-I African
strains, not well supported by the bootstrap analyses of
the phylogenetic trees, further likelihood mapping anal-
279TWO NEW HTLV SUBTYPES RELATED TO AFRICAN STRAINS
FI
G
.
2.
U
nr
oo
te
d
ph
yl
og
en
et
ic
an
al
ys
is
of
th
e
ST
LV
-I
/H
TL
V-
I
66
4-
nt
co
ns
en
su
s
LT
R
fr
ag
m
en
t
us
in
g
a
ne
ig
hb
or
-jo
in
in
g
(N
J)
ap
pr
oa
ch
,
as
de
sc
rib
ed
un
de
r
M
at
er
ia
ls
an
d
M
et
ho
ds
.T
he
bo
ot
st
ra
p
st
at
is
tic
al
an
al
ys
is
w
as
ap
pl
ie
d
to
th
e
N
Ja
nd
w
pa
rs
m
et
ho
ds
us
in
g
10
00
bo
ot
st
ra
p
sa
m
pl
es
.T
he
va
lu
es
on
th
e
br
an
ch
es
re
pr
es
en
t
th
e
pe
rc
en
ta
ge
of
tr
ee
s
fo
r
w
hi
ch
th
e
se
qu
en
ce
s
at
on
e
en
d
of
th
e
br
an
ch
ar
e
a
m
on
op
hy
le
tic
gr
ou
p;
bo
ot
st
ra
p
va
lu
es
fo
r
w
pa
rs
ar
e
gi
ve
n
in
pa
re
nt
he
se
s.
Th
e
ne
w
H
TL
V-
I
st
ra
in
s
de
sc
rib
ed
in
th
is
pa
pe
r
ar
e
pr
in
te
d
in
bo
ld
.
ST
LV
-I
st
ra
in
s
ar
e
in
di
ca
te
d
in
bo
ld
ac
co
rd
in
g
to
th
e
ho
st
sp
ec
ie
s:
({
)
C
er
co
pi
th
ec
us
ae
th
io
ps
,(
–E
–)
M
ac
ac
a
ne
m
es
tr
in
a,
(E
)
M
ac
ac
a
to
nk
ea
na
,(
A
)
Pa
n
tr
og
lo
dy
te
s,
(h
)
Pa
pi
o
ha
m
ad
ry
as
.T
he
ge
og
ra
ph
ic
al
or
ig
in
of
th
e
st
ra
in
s
is
in
di
ca
te
d
in
ita
lic
(?
is
un
kn
ow
n
or
ig
in
).
O
th
er
de
ta
ils
ab
ou
t
th
e
ST
LV
-I
/H
TL
V-
I
st
ra
in
s
an
d
th
e
di
ffe
re
nt
cl
ad
es
ar
e
gi
ve
n
un
de
r
M
at
er
ia
ls
an
d
M
et
ho
ds
an
d
R
es
ul
ts
,r
es
pe
ct
iv
el
y.
280 SALEMI ET AL.
FI
G
.3
.U
nr
oo
te
d
ph
yl
og
en
et
ic
an
al
ys
is
of
th
e
ST
LV
-I
/H
TL
V-
I
52
2-
nt
en
v
re
gi
on
,c
or
re
sp
on
di
ng
to
th
e
en
tir
e
gp
21
co
di
ng
se
qu
en
ce
,u
si
ng
a
N
J
ap
pr
oa
ch
,a
s
de
sc
rib
ed
un
de
r
M
at
er
ia
ls
an
d
M
et
ho
ds
.T
he
bo
ot
st
ra
p
st
at
is
tic
al
an
al
ys
is
w
as
ap
pl
ie
d
to
th
e
N
Ja
nd
w
pa
rs
m
et
ho
ds
us
in
g
10
00
bo
ot
st
ra
p
sa
m
pl
es
.T
he
va
lu
es
on
th
e
br
an
ch
es
re
pr
es
en
tt
he
pe
rc
en
ta
ge
of
tr
ee
s
fo
r
w
hi
ch
th
e
se
qu
en
ce
s
at
on
e
en
d
of
th
e
br
an
ch
ar
e
a
m
on
op
hy
le
tic
gr
ou
p;
bo
ot
st
ra
p
va
lu
es
fo
r
w
pa
rs
ar
e
gi
ve
n
in
pa
re
nt
he
se
s.
Th
e
ne
w
H
TL
V-
Is
tr
ai
ns
de
sc
rib
ed
in
th
is
pa
pe
ra
re
pr
in
te
d
in
bo
ld
.S
TL
V-
Is
tr
ai
ns
ar
e
in
di
ca
te
d
w
ith
sy
m
bo
ls
ac
co
rd
in
g
to
th
e
ho
st
sp
ec
ie
s:
(*
)
C
er
co
ce
bu
s
at
ys
,
({
)
C
er
co
pi
th
ec
us
ae
th
io
ps
,
(}
)
C
er
co
pi
th
ec
us
m
iti
s,
(–
{
–)
C
er
co
pi
th
ec
us
as
ca
ri
us
,
(—
F
—
)
M
ac
ac
a
fa
sc
ic
ul
ar
is
,
(F
)
M
ac
ac
a
m
ul
at
ta
,
(–
E
–)
M
ac
ac
a
ne
m
es
tr
in
a,
(E
)
M
ac
ac
a
to
nk
ea
na
,(
A
)
Pa
n
tr
og
lo
dy
te
s,
(n
)
Pa
pi
o
an
ub
is
,(
–h
–)
Pa
pi
o
cy
no
ce
ph
al
us
,(
h
),
Pa
pi
o
ha
m
ad
ry
as
,(
–n
–)
Pa
pi
o
pa
pi
o.
Th
e
ge
og
ra
ph
ic
al
or
ig
in
of
th
e
st
ra
in
s
is
in
di
ca
te
d
in
ita
lic
(?
is
un
kn
ow
n
or
ig
in
).
O
th
er
de
ta
ils
ab
ou
tt
he
ST
LV
-I
/H
TL
V-
Is
tr
ai
ns
an
d
th
e
di
ffe
re
nt
cl
ad
es
ar
e
gi
ve
n
un
de
r
M
at
er
ia
ls
an
d
M
et
ho
ds
an
d
R
es
ul
ts
,r
es
pe
ct
iv
el
y.
281TWO NEW HTLV SUBTYPES RELATED TO AFRICAN STRAINS
ysis including all the HTLV-I and STLV-I strains were
performed.
In Fig. 4 the likelihood mapping analyses in the LTR
(Fig. 4A) and env (Fig. 4B) regions, using just the African
HTLV-I strains, is shown. Efe1 and Lib2 were assigned to
the subsets a and b, respectively, whereas the HTLV-Ib
strains were assigned to the subset c and the HTLV-Ia
and HTLV-Id together to the subset d (see also Materials
and Methods and legend of Fig. 4). As shown in the
figure just 9.1% of the quartets in the LTR and 0.7% in the
env region support the clustering between Efe1 and Lib2
and about the same low values support the clustering of
Efe1 or Lib2 with the other HTLV-I subtypes, whereas
most of the dots in the triangles (77.2% in LTR and 96.1%
in env) are in a central position (see Fig. 4), well sup-
porting the separation of Efe1 and Lib2 among each
other and their separation with respect to the other
HTLV-I subtypes. We excluded the Melanesian HTLV-Ic
strains from that analysis because it is clear from the
phylogenetic trees (see Figs. 2 and 3) that they belong to
a well supported and completely separate cluster with
respect to all other HTLV-I strains.
As reported in the legend of Fig. 5A, the 51 LTR strains
were divided into four subsets, the first one containing
the Efe1 strain, the second one containing the STLV-I-AG
strain, which cluster together with Efe1 in the LTR tree
(see Fig. 2), the third one containing the STLV-I-Pcy1011,
STLV-I-TBH-V191, and STLV-I-TBH-V197 strains, and the
last one joining all the other strains. All possible (135)
quartets were evaluated, generated as described under
Materials and Methods: 40.7% of the quartets support the
clustering between the Efe1 and the AG strains, whereas
37.8% support the clustering between the Efe1 and the
Pcy1011, TBH-V191 and TBH-V197 strains (see Fig. 5A);
just 21.5% of the quartets support the clustering of Efe1
with the other STLV-I/HTLV-I strains. In Fig. 4B the like-
lihood mapping for the Efe1 strain in env is reported.
According to the env phylogenetic tree, the sequences
were divided into four subsets: the first one contains the
Efe1 strain; the second one the CMI-203, PAN-1713, Pcy-
2304, and PHA-152 STLV-I East African strains, the third
one the CAE-22 and CAE-6242 STLV-I East African
strains, and the last one all the remaining strains (see
Fig. 3 and the legend of Fig. 4B). The triangle contains
544 dots, representing the likelihoods of all possible
quartets (see Materials and Methods). In this case 62.2%
of the quartets support the clustering between the Efe1
and the STLV-I East African strains (51.5 1 10.7%, see Fig.
5B). In both triangles the number of dots in the center is
less than 35% (data not shown).
To investigate the relationship between the Lib2 strain
and the African STLV-I Papio strains in the LTR (see Fig.
2) the 51 sequences used for the LTR phylogenetic anal-
ysis were divided into four subsets: the first one contains
Lib2; the second one joins all the HTLV-Ib strains with
the closely related chimpanzee STLV-I strains (see Fig.
3); the third one contains the STLV-I Papio strains
(PH6356 and Su-F1), and the last one joins all the re-
FIG. 4. Likelihood mapping analysis of 285 quartets for the Efe1 and Lib2 strains in the LTR (A) and env (B) regions. Numbers in each corner
represent the percentage of quartets for which a particular topology is supported; numbers at the bottom of the triangles represent percentage of
quartets in the center of the triangles (marked with dashed lines), related with a star-like topology. The letters a–d represent the subsets of strains
described below; letters between parentheses represent subsets clustering together. a, Efe1; b, Lib2; c, HTLV-Ib strains for (A) the 15 strains included
in the HTLV-Ib clade reported in Fig. 2 and for (B) the 19 strains included in the HTLV-Ib clade reported in Fig. 3; d, HTLV-Ia strains for (A) the 17 HTLV-I
strains included in the HTLV-Ia clade reported in Fig. 2 and for (B) the 12 HTLV-I strains included in the HTLV-Ia clade reported in Fig. 3; and HTLV-Id
strains for (A) H23 and pyg19 and for (B) H23, 2318G, and pyg19.
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maining sequences. All possible (1044) quartets were
evaluated. As shown in Fig. 6A, 74.1% of the quartets
belong to the center of the triangle, typical of a star-like
evolution. This noise in the LTR region doesn’t allow the
support of joining of Lib2 to any subset. On the other
hand, in the env region, with the four subsets described
in the legend of Fig. 6B (all the 280 quartets were eval-
uated), 37.9% of the quartets support the clustering of
Lib2 and the STLV-I-PPA-5X28 from a West African P.
papio, and the STLV-I-btlv strain from an East African P.
anubis and 50.4% of the quartets support the clustering
between Lib2 and the Su-F1 and PH6356 STLV-I strains
FIG. 5. Likelihood mapping analysis for Efe1 of 135 quartets in the LTR (A) and 544 quartets in the env (B) regions. Numbers in each corner represent
the percentage of quartets for which a particular topology is supported; the letters a–d represent the subsets of strains described below; letters
between parentheses represent subsets clustering together. a, Efe1; b, STLV-I-AG (A) or STLV-I Pcy-2304, STLV-I Pan-1713, STLV-I CMI-203, STLV-I
PHA-152 (B); c, STLV-I Pcy1011, STLV-I TBH-V191, STLV-I TBH-V197 (A) or STLV-I CAE-22, STLV-I CAE-6242 (B); d, all other strains used in the LTR
phylogenetic tree (A) or in the env phylogenetic tree (B).
FIG. 6. Likelihood mapping analysis for Lib2 of 1044 quartets in the LTR (A) and 280 quartets in the env (B) regions. Numbers in each corner
represent the percentage of quartets for which a particular topology is supported, the number at the bottom of the triangle (A) represents percentage
of quartets in the center of the triangle (marked with a dashed line), related with a star-like topology. The letters a–d represent the subsets of strains
described below; letters between parentheses represent subsets clustering together. a, Lib2; b, STLV-I/HTLV-Ib strains reported in the LTR
phylogenetic tree (A) or STLV-I PPA-5X28, STLV-I btlv (B); c, STLV-I PH6356, STLV-I SuF1; d, all other strains used in the LTR phylogenetic tree (A) or
in the env phylogenetic tree (B).
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from P. hamadryas. Just 11.8% of the quartets support the
belonging of Lib2 to any of the other clades. Less than
30% of the quartets, in this case, belong to the center of
the triangle (data not shown).
DISCUSSION
Although the HTLV-I genome is surprisingly stable,
four different subtypes have already been described: the
Cosmopolitan HTLV-Ia, the Central African HTLV-Ib, the
highly divergent Australo/Melanesian HTLV-Ic, and the
recently reported HTLV-Id subtype among Cameroonian
pygmies (Mahieux et al., 1997a). The first three subtypes
seem to be related to distinct simian reservoirs (Liu et al.,
1996). In the present study six new HTLV-I strains from
African seroindeterminate individuals were character-
ised: four from Libreville in Gabon, one from a Congolese
Mbuti pygmy, and one from a Congolese patient residing
in Belgium. Because an HTLV indeterminate serology
can be due either to a divergent HTLV strain present in
the patient’s PBMCs or to a different immunological re-
activity, we investigated the genetic divergence of the
HTLV-I strains in these six seroindeterminates. Four of
the new strains belong to the HTLV-Ib Central African
subtype. Although the divergence among them can reach
2.6% in the LTR region (GL vs Lib4, see Table 1), phylo-
genetic analyses in LTR and env showed that they clearly
cluster with the other HTLV-Ib strains. On the other hand
the Efe1 and the Lib2 strains are quite divergent from
each other and from all other strains. As described under
Results, the nucleotide divergence of Efe1 and Lib2 with
respect to the prototypic sequences of the four HTLV-I
major subtypes is of the same order as the divergence
among the four subtypes themselves. Phylogenetic anal-
yses in the LTR and env regions show that Efe1 and Lib2
lie clearly on distinct branches with respect to the other
HTLV-I subtypes. Moreover, although the bootstrap val-
ues are not very high, likelihood mapping analyses in the
LTR and env regions demonstrated that the separation of
Efe1 and Lib2 from the other subtypes is well supported
(see Fig.4 and Results).
A second important finding of this study is the dem-
onstration that, as already noted for the other subtypes,
the closest relatives of Efe1 and Lib2 are STLV-I strains.
In the LTR and env phylogenetic trees, Efe1 clusters with
East and South African STLV-I strains (from Papio and
Cercopithecus genera: see Figs. 2 and 3). As shown by
the likelihood mapping analysis 78.5% of the quartets for
the LTR region and 62.2% of the quartets for the env
region support the relationship of these STLV-I strains
with Efe1 (see Fig. 5). These data strongly suggest not
only interspecies transmissions in Africa from simians to
humans, but also several interspecies transmissions be-
tween Cercopithecus and Papio genera crossing East,
South, and Central Africa. For the Lib2 strain there is no
clustering with any STLV-I strain in the LTR tree (see Fig.
2). The likelihood mapping clearly supports the separa-
tion between Lib2 and the other HTLV-I subtypes (see
Fig. 4A), but inclusion of the simian strains in the likeli-
hood mapping analysis of the LTR region did not link Lib2
to any STLV-I strain (see Results and Fig. 6A). However,
likelihood mapping analysis in env seems to show a link
between Lib2 and STLV-I strains from East and West
African monkeys of the Papio genus (see Fig. 6B), rein-
forcing the hypothesis of interspecies transmission of
the virus among simians and from simians to humans.
Because Efe1 and Lib2 were both isolated in Central
Africa a question arises about the connection between
those strains and the East, South, and West African
simian strains. We would suggest that the presence of
STLV-I isolated from Papio spp. and Cercopithecus spp.
in each of the clades containing the new subtypes could
indicate that those genera are the possible main carriers
of the virus infection. Indeed Cercopithecus and Papio
are spread all over equatorial Africa and they are also
present in South Africa. Moreover, different Papio spp.,
living in bordering regions, can sometimes interbreed
(Samuels and Altmann, 1986). Liu et al. (1996) showed
that the three main HTLV-I subtypes arose from three
geographically distinct simian reservoirs more or less
overlapping with the geographic origin of the human
strains. Our data suggest that the presence of STLV-I
variants infecting Cercopithecus and Papio genera could
also be the reservoir of infection for humans living in
distant geographic areas, due to the STLV-I interspecies
transmission between Cercopithecus and Papio and
their continuous distribution in Africa. If this is true Papio
and Cercopithecus should be extensively tested for the
presence of new STLV-I strains to get a more complete
and coherent picture of the STLV-I/HTLV-I origin and
infection in Africa.
A last important finding of this paper is the failure of
serological methods to type HTLV-I subtypes different
from the Cosmopolitan (HTLV-Ia) subtype. Four of our six
samples were clearly HTLV-Ib, but they gave an indeter-
minate serology, just as did the Efe1 and the Lib2, which
do not belong to any known HTLV-I subtype. Therefore,
present day serological assays do not seem reliable for
typing all strains within the HTLV-Ib subtype and seem to
fail in the typing of new subtypes.
Considering the divergence of our new Efe1 and Lib2
strains, which clearly do not belong to HTLV-Ia, Ib, Ic, or
Id, considering the importance of finding new divergent
strains in patients with indeterminate serology, and con-
sidering their close relationship with simian strains im-
plying a separate interspecies transmission with possi-
bly a biological difference, we decided to call these
divergent Efe1 and Lib2 strains new subtypes HTLV-Ie
and -If and hope that our findings will boost the quest for
additional strains of these subtypes.
The finding of a new subtype in a Mbuti pygmy from
Congo, different from the HTLV-Id infecting pygmies from
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Cameroon reported by Mahieux et al. (1997a) and of
another new subtype in a Gabonese individual found by
analyzing a few seroindeterminate individuals (this arti-
cle) indicates that the HTLV-I genetic heterogeneity in
Africa is wider than previously thought and demonstrates
that indeterminate serology can be an excellent tool for
investigating the potential presence of new HTLV vari-
ants. The recent isolation of very divergent STLV-I strains
from Pongo pygmaeus (Ibuki et al., 1997) and Macaca
arctoides (Mahieux et al., 1997b) might suggest that the
spectrum of HTLV-related viruses continues to increase.
This is logically explained considering that simians seem
to be at the origin of every HTLV-I subtype in humans and
that interspecies transmission, possibly due to hunting
practices and cultural traditions of keeping monkeys in
and around dwellings, make all STLV-I-infected monkeys
a potential source of new HTLV genetic variants. A wide
monitoring of simians in their natural reservoirs and of
human populations in regions occupied by monkeys is
important in tracing a more complete map of the STLV/
HTLV genetic heterogeneity and in studying the origin
and evolution of this virus in humans.
MATERIALS AND METHODS
New virus strains
Six new African isolates from HTLV-I seroindetermi-
nate individuals were obtained: four from Libreville in
Gabon (Lib1, Lib2, Lib3, and Lib4), one from a Mbuti
pygmy living in Congo (Efe1) (Goubau et al., 1996), and
one from a Congolese patient residing in Belgium (GL)
(see also Vandamme et al., 1997).
PCR and sequencing
DNA from peripheral blood lymphocytes (PBL) was
extracted using the QIAamp Blood kit (QIAgen, Studio
City, CA) and two overlapping fragments covering the
entire LTR region were amplified by nested PCR: the
first fragment using the outer primers AV117 (AGCAG-
GAGTCTATAAAAGCG)/AV118 (AGATTTGGCCCATTGC-
CTAG), corresponding to nucleotides 314–334 and
255–277 of ATK1 (AC J02029) and the inner primers
AV119 (59-GTTGTAAAACGACGGCCAGTGACAGTTCAG-
GAGGGGGCTC-39)/AV120 (59-CAGGAAAGAGCTATGA-
CTAGGGAATAAAGGGGCGCTC-39) corresponding to
nucleotides 336–358 and 775–798 of ATK1 (the M13U
and M13R tags are given in italics); the second frag-
ment using the outer primers AV121 (CTCACACG-
GCCTCATACAG)/AV122 (ACGCAGTTCAGGAGGCACC),
corresponding to nucleotides 8173–8192 and 441–460
of ATK1, and the inner primers AV123 (59-TGTAAA-
ACGACGGGCCAGTTTGAAGAATACACCAACATCC-39)/
AV124 (59-CAGGAAAGAGCTATGACACTCAACCGGCG-
TGGATGG-39) corresponding to nucleotides 8220–
8243 and 398–417 of ATK1 (the M13U and M13R tags
are given in italics). All the reactions were performed
in a 50-ml volume with 10 pmol of each primer (for
outer PCRs) or 25 pmol of each primer (for inner
PCRs), 1.5 mM MgCl2 (for AV117/AV118, AV121/AV122,
and AV123/AV124) or 2 mM MgCl2 (for AV119/AV120),
200 mM each dNTP, the standard 13 PCR buffer II
(Perkin–Elmer, Norwalk, CA), 0.25 U AmpliTaq Gold
(Perkin–Elmer), and DNA extracted from 105 cells (or 4
ml of outer products for inner PCRs). Cycling condition
for outer PCRs in the DNA Thermocycler 9600 (Perkin–
Elmer) were 35 cycles, 30 s denaturation at 95°C, 30 s
annealing at 55°C, and 45 s extension at 72°C, fol-
lowed by 1 cycle of 10 min extension at 72°C. Cycling
condition for inner PCRs in the Biometra Thermocycler
were 30 cycles, 30 s denaturation at 95°C, 30 s an-
nealing at 55°C with primers AV119/AV120 or at 50°C
with primers AV123/AV124, 45 s extension at 72°C,
followed by 1 cycle of 10 min extension at 72°C.
For the Efe1, Lib2, Lib3, and GL strains, 522 nt of the
env gp21 region were also amplified, using the nested
primers HFL71/HFL72 and HFL75/HFL76 as previously
described (Liu et al., 1996).
PCR products were purified from 2% agarose gels
using the QIAamp gel extraction kit (QIAgen) and directly
sequenced with the ABI dye primer cycle sequencing
Core kit (Perkin–Elmer), using M13U and M13R primers.
Sequencing reaction products were loaded on the ABI
Prism 310.
The nucleotide sequences of the isolates Lib1, Lib2,
Lib3, Lib4, GL, and Efe1 have been deposited in the
EMBL Nucleotide Sequence Database with Accession
Nos. Y17014–Y17023, respectively.
Strains used for LTR and env phylogenetic analysis
The HTLV-I strains were 716G (Cameroon, L46614),
2318 (Gabon, L46624), 12503A (Central Africa L76309),
Afs911 (South Africa, L46647), AINU (Japan, D23694),
ATK-1 (Japan, J02029), ATL-YS (U.S.A., U19949), BCAM
(Cameroon, L76415), BCl2-1 (British Colombia, U32554),
Bellona1 (Bellona, M94195), Bo (Algeria, U12804), BOI
(France, L36905), H14 (Mauritania, U03154), BSABE (Cen-
tral Africa, L46628), CH26 (Chile, D23690), EL (Congo,
S74562), G2-4 (Cameroon, L48558), GAB7 (Gabon,
L46619 and L76311), GB233 (Gabon, D23692), GH78
(Ghana, D23693), H16 (Ivory Coast, U03134), H23 and
H24 (Cameroon, L76312, L46645 and L76308, L46646),
H990 (Romania U81162), HODE (Central Africa, X88887),
HZ15, HZ17, and HZ69 (Congo, U03139–42), HS35 (Car-
ibbea, D00294 and D13784), ITIS (Congo, X88882 and
Z32527), JCP (Brazil. X88875), MAS, (Congo, L46639),
MASU (Brazil, X88877, X88883), MEL5 (Solomon Island,
L02534), MEL7 (Papua New Guinea, U11576), MOMS and
MWSA (Congo, X88884–5 and Z31659), MWMG (Congo,
Z31662), MT2 and MT4 (Japan, L03562 and Z31661),
MSHR-1 (Australia, M92818), OD (Mauritania, U12805),
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pH111 and pH52 (Ivory Coast, L46611-12), PH236 (Ga-
bon, L76307 and L46627), PNG-1 (Papua New Guinea,
M92845), Pr52 and Pr144 (Morocco, U12806-7), pt9ATL
(Brazil, U81869), pyg19 and pyg249cult (Cameroon,
L76310, L76414, and L46644), StDen (Gabon, L76306 and
L46630), T49 (Cameroon, L76305 and L46616), TBH-2 and
TBH-5 (South Africa, L76025 and L76027), TSP-1 (Japan,
M86840), Vid.D (La Reunion Island, Z28966). The STLV-I
strains were A256 (Pan troglodytes Africa, L75787), AG
(Cercopithecus aethiops sabaeus Kenya, M33064), btlv
(Papio anubis Kenya, U56855), CAE-21, CAE-22, and
CAE-59 (Cercopithecus aethiops tantalus and Cerco-
pithecus aethiops vervet, Uganda/Kenya, U03126–27 and
U03122), CAE-6242 (Cercopithecus aethiops grivet Ethi-
opia, U03128), CAE-9306, CAE-9310, CAE-9313, CAE-
9315, (C. aethiops sabaeus Senegal, U03129–32), CAS-57
(Cercopithecus ascarius Uganda, U03150), CH (P. troglo-
dytes Sierra Leone, M33063), CMI-203 and CMI-MZ (Cer-
copithecus mitis Kenya/Congo, U03151-52), MFA-C194
(Macaca fascicularis Indonesia, U03143), MMU-173.78
and MMU-39.83 (Macaca mulatta India, ST03156 and
ST03144), PAN-1713 (P. anubis Kenya/Tanzania, U03157),
Pcy1011 (Papio hamadryas Tanzania, L58023), Pcy-2304
and Pcy-991 (Papio cynocephalus Kenya/Tanzania and
Sukhumi, U03158 and U03145), PHA-152 (Papio hamadr-
yas Kenya/Tanzania, U03159), PHSu1 (P. hamadryas
Sukhumi, X88878, X88886), PH6356 (P. hamadryas,
Y13347–48), PPA-5X28 (Papio papio West Africa, U03160),
PTR-114.1, PTR-X90, and PTR-2042, PTR-3570, PTR-X43
(P. troglodytes, Sierra Leone, U03124, U03149, and un-
known geographical origin U03146–8), PtM3 (Macaca
nemestrina Indonesia, M57591), PtrA26 (P. troglodytes
Africa, U86376), SM (Cercocebus atys, Africa, U94516),
Su-F1, 594S-F9, and Su-L1 (P. hamadryas Sukhumi
L47128, L42250, L42214–5), TAN90 (C. aethiops tantalus
Central Africa, M92845), TBH-V191, TBH-V197 (Cerco-
pithecus aethiops pygerythrus South Africa. L76032–33),
and TE4, T4C1, T5B1, T6B1, TD3, and TF2 (Macaca
tonkeana Indonesia, Z46900, Z46985–89).
Phylogenetic analyses
DNA sequences were aligned with the software
Clustal (Higgins and Sharp, 1988) implemented in Gene-
Works (Intelligenetics) followed by minimal manual edit-
ing. The 51 LTR HTLV-I/STLV-I strains were aligned using
a 664-nt sequence (ATK1 nt 48–711). The 78 env HTLV-I/
STLV-I strains were aligned using a 522-nt sequence
(ATK1 nt 6046–6567) corresponding to the gp21 protein.
Phylogeny construction and evaluation were done us-
ing PHYLIP 3.56 (Felsenstein, 1989) and PAUP*4.0d59
(for parsimony method only). Three different methods
were used: the neighbor-joining method (NJ), the Fitch
and Wagner parsimony method allowing for different
transition/transversion bias (wpars), and the method of
maximum likelihood (ML). In all three methods an em-
pirical transition/transversion bias of 4.2 for the LTR and
4.77 for the env region, respectively, were used. These
values were estimated with the ML method implemented
in PAUP* on LTR and env NJ trees calculated with
PHYLIP using the Kimura two-parameter model (Kimura,
1980). The NJ and wpars trees were statistically evalu-
ated using 1000 bootstrap samples (Felsenstein, 1985).
No bootstrapping was done for the ML method, which is
itself already a statistical method.
Likelihood mapping
At least two strains clustering together in a phyloge-
netic tree are necessary to define a new subtype. How-
ever, it is possible to evaluate if a single strain is really
separated from other clusters in a phylogenetic tree,
making up a separate molecular subtype, using the like-
lihood mapping method (Strimmer and Von Haeseler,
1997). The method is based on an analysis of the likeli-
hoods for the three fully resolved tree topologies that can
be computed for four sequences. The three likelihoods
are represented as points inside an equilateral triangle.
A point in the center of the triangle represents star-like
evolution, implying no particular clustering of any two
strains of four sequences, whereas points in the corners
represent well-resolved topologies. The location of the
likelihoods (the points) in the triangle defines the mode
of sequence evolution. In the case of more than four
sequences, the different strains can be grouped into four
different subsets, for example according to their position
in a phylogenetic tree, and all possible quartets, gener-
ated by drawing one sequence from each subset, can be
evaluated. The triangle can then be divided into three
regions, each one belonging to a specific corner. The
more the points are found in one of the regions belong-
ing to a particular corner, the bigger the support for the
tree topology, joining the four subsets, represented by
that corner. On the other hand if most of the points are
found in the center of the triangle the four subsets are
independent and their relationship is best represented
by a star-like tree.
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